ABSTRACT: Juvenile seawater-reared chinook salmon Oncorhynchus tshawytscha at a hatchery on Baranoff Island, Alaska, USA, sustained chronic mortality associated with anemia and mixed infections by various obligate and opportunistic pathogens including a cytoplasmic erythrocytic virus resembling the agent of erythrocytic inclusion body syndrome (EIBS). This is the first case report of EIBS in Alaska and is a range extension of the disease.
INTRODUCTION
Erythrocytic inclusion body syndrome (EIBS) was first described in freshwater-reared juvenile spring chinook salmon Oncorhynchus tshawytscha from the Little White Salmon National Fish Hatchery in Cook, Washington, USA, in 1982 (Leek 1987 ). EIBS was later described in chinook and coho salmon O. kisutch throughout Washington and parts of Oregon, California (Piacentini 1989) , and Idaho (Foott et al. 1992) . The known geographic and natural host range of the virus expanded to include seawater-reared coho salmon in Japan , freshwater-reared Atlantic salmon Salmo salar in Norway (Lunder et al. 1990) , and freshwater and seawater-reared Atlantic salmon and rainbow trout O. mykiss from the British Isles (Rodger et al. 1991 , Rodger & Richards 1998 . Other salmonid species showing variable susceptibilities by experimental injection with infected blood homogenates include cutthroat trout O. clarki (Piacentini et al. 1989) , masou salmon O. masou, and chum salmon O. keta .
Typical EIBS presents with single or multiple pale, basophilic, cytoplasmic inclusions (0.4 to 1.6 µm; Michak et al. 1992) in erythrocytes that are observed in stained peripheral blood smears. Affected fish may be asymptomatic, but more often they have varying degrees of anemia and secondary bacterial and fungal infections. In severe cases of uncomplicated anemia, cumulative fish mortality of over 20% has been reported where hematocrit values were less than 20% in seawater-reared coho salmon in Japan . The disease can be transmitted horizontally, while surviving fish generally recover and develop an acquired immunity against reinfection that is transferable by passive immunization (Piacentini et al. 1989) . Five stages of the disease have been described: pre-inclusion, inclusion body formation, cell lysis with low hematocrit values, recovery with increasing hematocrit values, and full recovery (Piacentini et al. 1989) . The causative agent is an icosahedral virus approximately 70 to 80 nm in diameter occurring freely in the cytoplasm or more commonly in membrane-bound cytoplasmic inclusion bodies within erythrocytes (Leek 1987 , Michak et al. 1992 . Isolation and replication of the virus in available fish cell lines has been unsuccessful, thus preventing further characterization. A more recent study of an epizootic in Atlantic salmon (Graham et al. 2002) reported EIBSlike inclusions and virus particles in erythrocytes as well as similar virus particles associated with necrosis in hematopoietic tissues of the spleen and kidney and hyperplasia of gill tissues. The histopathology and virus were morphologically similar to the previously described phagocytolytic syndrome (PCLS) in Atlantic salmon (Palmer et al. 1992) . Graham et al. (2002) suggested that EIBS and PCLS may represent alternate or concurrent manifestations of infection by the same virus. The EIBS virus has also been associated with heart and skeletal muscle inflammation in Atlantic salmon from western Norway where typical virus particles were present in vacuoles within erythrocytes and unidentified head kidney cells (Watanabe et al. 2006) . This note presents a case study of the first report of EIBS in Alaska, which represents a range extension of the disease. within a population of 1.25 million fish in 6 net pens. Isolates of Aeromonas salmonicida were resistant to OTC and marginally sensitive to Romet B. Therefore, Romet was not used for treatment due to concerns over less than optimum sensitivity to this antibiotic. Instead, the freshwater lens in each pen was removed, and larger net pens were deployed to optimize the rearing environment. Mortality continued in the smaller fish and was higher than could be expected from osmoincompetency.
MATERIALS AND METHODS

Case
In early April through May 2004, fish mortality escalated again (0.3% d -1
). Smolt size ranged from 10 to 50 g total weight, and 50% of the mortality occurred in larger fish over 20 g. The seawater temperature was 5°C, fish were lethargic, and the feeding response was poor. Hatchery staff switched to another brand of feed that appeared to be more palatable to the fish. Juvenile chinook salmon from this latest mortality were submitted for necropsy to the Alaska Department of Fish and Game (ADFG) fish pathology laboratory in Juneau.
Necropsy. Necropsies were performed as previously described (Meyers 2000) after fish were euthanized with an overdose (1000 mg l -1 ) of sodium bicarbonate buffered tricaine methanesulfonate (Callahan & Noga 2002) . Briefly, each necropsy included microscopic examination of 30 fields at 200× magnification of wetmounted gill tissues, skin scrapes, and spleen and gut squashes. Peripheral blood from severed caudal peduncles was smeared onto glass slides, air-dried, and stained with Diff-Quik for examination of 30 fields under oil immersion (1000× magnification). After microscopic examination, cover slips were removed from wet mounts of gill and skin for Gram-staining and further examination of 30 fields under oil immersion. Smears of kidney tissues in phosphate buffered saline were made on multiple well (7 mm) slides and stained by direct fluorescent antibody (DFAT) for the detection of Renibacterium salmoninarum (Meyers et al. 1993) .
Microbiology. Kidney tissues were aseptically inoculated onto plates of tryptic soy agar with and without 2% NaCl and incubated at 20°C. Sub-cultured lawns of isolates were tested for antibiotic disc sensitivities on Mueller-Hinton agar (Burton et al. 2000) . Bacterial isolates were identified with the API-20E biochemical system (Santos et al. 1993 ) in combination with standard biochemical tests and serological confirmation of Listonella (Vibrio) anguillarum and Aeromonas salmonicida using BIONOR Mono-kit latex agglutination (Romalde et al. 1995) .
Hematocrit. As part of routine fish condition profiling (Goede & Barton 1990) , the hatchery staff determined hematocrit values using the standard microhematocrit method after collecting blood from severed caudal peduncles of anesthetized fish. Transmission electron microscopy (TEM). During necropsies at the ADFG laboratory, blood was collected in microhematocrit capillary tubes from each numbered fish for later fixation of those samples corresponding to EIBS-type inclusion bodies detected in the respective blood smears. Selected heparinized blood was fixed overnight at 4°C in 4% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.8), post fixed in cacodylate buffered 1% osmium tetroxide for 1 h at room temperature, then dehydrated through a series of ethanol solutions and embedded in Spurr's resin. Ultrathin sections on 300 mesh slotted copper grids were stained in 2% aqueous uranyl acetate and 2.6% lead citrate and examined on a Philips EM 300 at 60 kV. Table 1 summarizes the clinical results of juvenile chinook salmon examined by ADFG pathologists on 9 April and 4 May and by hatchery staff on 13 April 2004. The diagnosis included OTC resistant but Romet B sensitive furunculosis, low-level BKD (only 1 of 9 kidneys with 1 to 5 fluorescing bacteria in 30 fields), gill infestation by Ichthyobodo, external gill and skin filamentous bacterial infections, anemia, and presumptive EIBS. The current fish mortality was due to a complex of several etiologies of both obligate and opportunistic pathogens with no single agent clearly dominant. Early stressors such as osmo-incompetency in the smaller fish together with poor feeding response to an unpalatable diet may have set the stage for the variety of pathogens encountered. The Ichthyobodo parasite on the gills may also have been significant. Previous freshwater infestations can persist in the freshwater lens of a net pen once fish are transferred to seawater, and Bruno (1992) reported a marine Ichthyobodo. Regardless of its origin, Ichthyobodo infestations can cause poor seawater adaption of smolts (Urawa 1993) , which can exacerbate subclinical infections of obligate pathogens such as Aeromonas salmonicida and Renibacterium salmoninarum, causing additional mortality and predisposition to infection by other opportunistic pathogens such as external bacteria. Lastly, EIBS alone can be an underlying stressor often associated with mixed pathogen etiologies as reported elsewhere (Piacentini et al. 1989) .
RESULTS AND DISCUSSION
Of particular interest was the presumptive EIBS, a disease not previously observed in Alaskan salmonids. Ultrastructural examination of erythrocytes from one fish having single and multiple cytoplasmic erythrocytic inclusions in peripheral blood (Fig. 1A) demonstrated unenveloped 60 to 70 nm icosahedral virus particles associated with the inclusions (Fig. 1B,C) and also occurring extracellularly among cell debris (Fig. 1D) . Some of the fish examined in early April had pale gills and mottled kidneys sug- Table 1 ) that included few inclusion bodies and large numbers of blast cells and immature erythrocytes (Piacentini et al. 1989) . It also could not be confirmed that the anemia was entirely caused by EIBS due to the presence of other primary pathogens causing clinical disease and fish mortality. The virus particles observed were smaller than typically reported for EIBS elsewhere and were more frequently associated with cell debris in the peripheral blood, most likely resulting from lysis of infected erythrocytes. At the end of April, fish were fed a 7 d regimen of Romet for the furunculosis, but the fish in 3 net pens were released early in May due to continued high mortality. The remaining pens appeared to respond well to Romet therapy and were released on schedule in early June.
In summary, EIBS-type virus particles were found producing typical intraerythrocytic inclusions in seawater-reared juvenile chinook salmon at a hatchery on Baranof Island, Alaska. The fish were anemic and sustained infections by other pathogens. The virus particle size was slightly smaller than reported elsewhere but represents a range extension of the disease to include Alaska, USA.
